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Abstract
Background
Patients with sarcoidosis often experience fatigue and psychological distress, but little is
known about the etiology of these conditions. While serum and saliva steroid hormones are
used to monitor acute steroid levels, scalp hair analysis is a relatively new method enabling
measurement of long-term steroid levels, including hair cortisol reflecting chronic stress. We
investigated whether scalp hair cortisol and testosterone levels differ between sarcoidosis
patients both with and without fatigue and general population controls. Additionally, we stud-
ied if these hormones could serve as objective biomarkers for psychological distress in
patients with sarcoidosis.
Methods
We measured hair steroid levels using liquid chromatography–tandem mass spectrometry
in glucocorticoid naïve sarcoidosis patients. Patients completed the Perceived Stress Scale,
Fatigue Assessment Scale, Hospital Anxiety and Depression Scale and Short Form 36 (SF-
36). Hair steroid levels from 293 participants of the population-based Lifelines cohort study
served as controls.
Results
Thirty-two patients (14 males) were included. Hair cortisol, but not testosterone, concentra-
tions were significantly higher in patients with sarcoidosis than in general population controls
(mean 6.6 versus 2.7 pg/mg, p<0.001). No differences were found in hair cortisol and testos-
terone levels between fatigued and non-fatigued patients with sarcoidosis. Hair cortisol of
sarcoidosis patients correlated significantly with anxiety (r = 0.47, p = 0.01), depression (r =
0.46, p = 0.01), and SF-36 mental domain (r = -0.38, p = 0.03), but not with fatigue.
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Conclusions
Patients with sarcoidosis have chronically higher levels of the stress hormone cortisol than
the normal population, while testosterone levels in hair did not differ. Hair cortisol levels
were positively related to subjective measures of psychological distress, but not to fatigue.
Our study shows that hair cortisol is a promising non-invasive biomarker for psychological
distress in patients with sarcoidosis.
Trial registration
ClinicalTrials.gov: NCT03108547. Registered 31 March 2017, retrospectively registered.
Introduction
Sarcoidosis is a multi-organ disease of unknown etiology, characterized by non-caseating
granulomas, which commonly occur in the lymph nodes, lungs, skin and eyes [1]. In patients
with sarcoidosis, fatigue and psychological distress are frequently reported problems [2–5].
Fatigue has been reported in 50–70% of the sarcoidosis patients [3]. Even when sarcoidosis is
in clinical remission, fatigue may persist chronically and cause impaired quality of life and
reduced socio-economical participation [6]. The exact mechanism for chronic fatigue in sar-
coidosis is currently unknown.
Stress might be one of the factors contributing to the onset of fatigue. Chronic fatigue in
sarcoidosis patients has been associated with increased levels of perceived stress and psycho-
logical stressors such as depression and anxiety [4–6]. Psychological and physical stressors lead
to activation of the hypothalamus-pituitary-adrenal axis, resulting in an increase in circulating
levels of the stress hormone cortisol [7]. Cortisol, in turn, influences a wide range of bodily
functions including metabolism, behavior and immunity [7], and increased cortisol levels can
also lead to psychological disturbances, such as anxiety and depressive symptoms. Stress can
be assessed subjectively using validated questionnaires. In addition, cortisol levels can be used
as a biomarker for stress [8–10]. Systemic inflammation in chronic diseases has been associ-
ated with fatigue and may affect cortisol levels as well [11, 12]. While stress and inflammation
are both associated with increased levels of cortisol, there are also studies that show evidence
of hypocortisolism in relation to chronic fatigue, [13, 14] thereby leaving the relationship
between cortisol and fatigue in sarcoidosis unclear.
In male patients with sarcoidosis, another potential factor contributing to fatigue may be
hypogonadism, with its consequent low levels of testosterone. Serum testosterone has shown
to be significantly decreased in patients with chronic lung disease, [15, 16] and has also been
inversely related to fatigue in patients with advanced cancer and obstructive sleep apnea [16,
17]. In a study of 30 patients with sarcoidosis, almost half of the patients had lower serum tes-
tosterone levels than healthy controls; however, this study did not assess the relationship with
fatigue [18].
Both cortisol and testosterone are commonly measured in blood, urine, or saliva. However,
these tests reflect only short-term exposure, and levels of cortisol and testosterone can greatly
fluctuate within and across days [7, 19]. Moreover, the tests themselves can induce stress and
increase cortisol levels [20].
In this study, we use the relatively novel method of scalp hair analysis to measure long-term
cortisol, cortisone, and testosterone levels. This method has been validated in other—non-
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pulmonary—diseases and allows a retrospective measurement of the endogenous production
of these hormones over months of time, based on an average hair growth of approximately 1
cm per month [21]. Previous studies have shown that hair cortisol can serve as a biomarker for
chronic stress [9, 10].
To the best of our knowledge, no studies have investigated hair steroid biomarkers, such as
cortisol, cortisone and testosterone, in sarcoidosis. This non-invasive method could potentially
give new insights into the mechanism of fatigue and psychological distress in sarcoidosis.
Moreover, it may be used as a screening and follow-up tool to objectively measure fatigue and
psychological distress as an alternative to the currently used subjective patients-reported out-
come measures.
In this explorative study, we aimed to investigate whether scalp hair cortisol, cortisone, and
testosterone levels differ between sarcoidosis patients both with and without fatigue and gen-
eral population controls. Additionally, we studied if these scalp hair steroid levels could serve
as an objective biomarker for psychological distress, fatigue and/or other clinical outcomes in
patients with sarcoidosis.
Materials and methods
Study design and population
We conducted a prospective observational study. Sarcoidosis patients were recruited during
their regular follow ups at the outpatient clinic of the pulmonary department of the Erasmus
University Medical Center, Rotterdam, the Netherlands, from June till December 2014.
Patients aged 18 or older were included if they had been diagnosed with sarcoidosis according
to the latest ATS/ERS/WASOG statement on sarcoidosis, [1] and if they had sufficient knowl-
edge of the Dutch language. We aimed to include 20 patients with fatigue and 10 without
fatigue. Fatigue was defined as a score of 22 or higher on the Fatigue Assessment Scale (FAS)
[22]. Other causes of fatigue had to be excluded or, in the case of contributing comorbidities
(e.g. obstructive sleep apnea syndrome, hypothyroidism or anemia), optimally treated. Patients
were excluded if they had a hair length of less than 1 cm, had used systemic and/or inhalation
steroids in the last year, or had taken methylphenidate less than 1 month before the study.
Scalp hair steroid levels of participants of the Dutch population-based Lifelines cohort study
were used as general population controls [23, 24]. Formal consultation with the Medical Ethi-
cal Committee of the Erasmus Medical Center affirmed that, under the Dutch act for medical
research involving human subjects (Wet Medisch Onderzoek), approval of this study by the
Medical Ethical Committee was not required (MEC-2014-206). All patients gave written
informed consent.
The datasets of the sarcoidosis population and general population controls as well as the
Pearson Correlation data of Fig 4 are available as supplementary materials.
Procedures
Hair sample collection and processing. In each subject, a small hair sample of approxi-
mately 150 hairs was cut from the posterior vertex as close to the scalp as possible using small
scissors. Hair samples were taped on paper and stored in envelopes at room temperature. The
hair samples of all patients were analyzed in one batch at the department of clinical chemistry
of the Erasmus MC, Rotterdam. For analyses, hair samples were divided in segments of 1 cm,
weighed, washed, and steroids were extracted with methanol. Subsequently, hair cortisol, corti-
sone, and testosterone were analyzed with liquid chromatography-tandem mass spectrometry
(LC-MS/MS) (Fig 1). A detailed description on scalp hair analysis is available in a previous
publication by Noppe and de Rijke et al [25].
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Questionnaires. Patients filled in the FAS at the outpatient clinic. Other questionnaires were
completed at home as soon as possible, but within a maximum of two weeks from the clinic visit.
The 10-item FAS measures fatigue and has been well-validated in patients with sarcoidosis [3, 26].
Scores range from 10 to 50, with higher scores indicating more fatigue, a FAS score of� 22 is con-
sidered as significant fatigue [27]. Subjective health status was evaluated with standardized self-
reported generic instruments, the Euroqol-5D 5-level (EQ5D5L), and the 36-item medical out-
comes short form 36 (SF-36), with higher scores representing better health status [28]. The Kings’
Sarcoidosis Questionnaire (KSQ) was used to measure disease-specific health status and consists
of five modules: General health status, Lung, Medication, Skin, and Eye [29, 30]. All domain
scores range from 0 to 100, with a higher score representing a better disease-specific health status
[29]. The 14-item Perceived Stress Scale (PSS) is a broad score to assess a person’s perception of
stress, with a higher score indicating a higher perceived stress [8]. The Hospital Anxiety and
Depression Scale (HADS) has a 7-item anxiety and a 7-item depression domain. The scores for
both domains range from 0–21, with a cut-off point of 8 for depression or anxiety [31]. Patients
also completed questions regarding artificial hair coloring and frequency of hair washing.
Clinical parameters. Weight, height and waist circumference were measured during the
visit. The results of routinely measured pulmonary function outcomes (forced vital capacity
(FVC) and transfer factor for carbon monoxide corrected for hemoglobin (TLCOc)) were
used when available.
Disease activity. Two ILD doctors independently rated disease activity of sarcoidosis. Cri-
teria for determining disease activity were based on literature search and ILD expert opinions.
A patient was considered having active disease when at least one of the following criteria was
fulfilled: 1. Progressive loss of organ function due to sarcoidosis (such as pulmonary function,
liver and kidney function, serum calcium concentration, eye involvement, hart function etc.);
2. Evidence of disease activity on PET-scan or SMS scans and/or increased serum ACE or
sIL2R; 3. Clinical signs of disease activity during physical examination (such as fever, erythema
nodosum, uveitis anterior, lymphadenopathy etc.).
Outcomes. The primary outcomes are the differences between scalp hair steroid levels of
sarcoidosis patients both with and without fatigue and general population controls. Secondary
outcomes are relationships between scalp hair steroid levels, fatigue and psychological distress
scores, and clinical parameters.
Statistical analysis
Data are presented as median (range) when not stated differently. Scalp hair steroid levels are
presented as geometric mean (95% confidence interval, CI) and expressed in pg/mg; data were
Fig 1. Scalp hair analysis: Hair sample collection, pre-treatment and analysis. LC-MS/MS, liquid chromatography-tandem mass
spectrometry. Modified from [21] with permission from the publisher.
https://doi.org/10.1371/journal.pone.0215763.g001
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log-transformed to achieve normal distribution. To determine differences in characteristics of
sarcoidosis patients with and without fatigue, we used a Mann-Whitney U test for continuous
variables and Fisher’s exact test for binomial variables. Hair steroid levels were compared
between the two groups of sarcoidosis patients, and between sarcoidosis patients with and
without active disease using independent sample t-tests. Analysis of (co)variance (AN[C]
OVA) was used to compare hair cortisol and testosterone levels of sarcoidosis patients with
general population controls, corrected for age and gender. Mann Whitney U tests were used
for analyzing differences in questionnaire scores of patients with and without fatigue. Correla-
tions between hair steroid levels, questionnaire scores and clinical parameters were assessed
using Pearson’s correlation coefficients. All statistical analyses were performed using SPSS ver-
sion 21.0 (IBM, Armonk, NY). A p-value of<0.05 was considered statistically significant.
Results
Of the 36 patients screened for the study, 32 were included. Patients were excluded for the fol-
lowing reasons: incomplete questionnaires (2), not enough hair for hair sample (1), and
known psychiatric problems (1). Based on the FAS score, 23 of the 32 sarcoidosis patients had
significant fatigue. There were no significant differences in patients’ characteristics between
the fatigued and non-fatigued groups of patients (Table 1).
Hair steroid levels
Scalp hair cortisol and cortisone levels were detected in the total of 32 sarcoidosis patients, and
testosterone levels in 13 of the 14 male patients with sarcoidosis. In the population-based con-
trols from the Lifelines study cohort, there were 293 participants with scalp hair steroid sam-
ples (262 had both cortisol and cortisone levels available, 4 only cortisol level, and 27 only
cortisone). Scalp hair cortisol and cortisone concentrations of the total group of sarcoidosis
patients were significantly higher than those of the general population controls (hair cortisol:
Table 1. Characteristics of the groups of sarcoidosis patients.
All patients
[n = 32]
Fatigue
[n = 23]
Non-fatigue
[n = 9]
p-value�
Fatigue severity 32 (10–46) 33 (22–46) 16 (10–21) <0.001
Age 47 (31–66) 45 (31–64) 55 (36–66) 0.15
Women 18 (56) 13 (57) 5 (56) 1.00
Ethnicity 0.69#
Caucasian 23 (72) 17 (74) 6 (67)
Moroccan 3 (9) 3 (13) 0 (0)
Surinamese Hindi 6 (19) 3 (13) 3 (33)
BMI, kg/m2 26 (20–39) 26 (20–39) 29 (23–36) 0.21
Waist circumference 93 (65–116) 91 (65–116) 95 (84–104) 0.48
Time since diagnosis, y 5 (0–24) 4 (0–24) 6 (0–18) 0.82
FVC % predicted 105 (55–123) 103 (81–123) 106 (55–121) 0.95
TLCOc % predicted 88 (50–162) 89 (50–131) 86 (60–162) 0.82
Active Disease 24 (75) 17 (74) 7 (78) 1.00
Data are presented as median (range) or n (%). BMI, body mass index; FVC, forced vital capacity; TLCOc transfer factor for carbon monoxide corrected for
haemoglobin
� Mann-Whitney U test was used for continuous variables and Fisher’s exact test for binomial variables to compare fatigue and non-fatigue sarcoidosis patients
# Caucasian versus other
https://doi.org/10.1371/journal.pone.0215763.t001
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mean 6.6 (95% CI 5.1–8.4) versus 2.7 (95% CI 2.5–2.9) pg/mg, p<0.001, hair cortisone: mean
18.0 (95% CI 15.2–21.2) versus 8.3 (95% CI 7.9–8.8) pg/mg, p<0.001) (Fig 2). In 62 male par-
ticipants, testosterone levels were also available. No significant differences in testosterone levels
were found between male patients with sarcoidosis and male general population controls
(mean 1.0 (95% CI 0.7–1.3) pg/mg versus 1.0 (95% CI 0.9–1.2) pg/mg, p = 0.78) (Fig 2). Hair
steroid levels in the sarcoidosis patients with fatigue did not significantly differ from those of
sarcoidosis patients without fatigue (Fig 3). Cortisol correlated significantly with cortisone
(r = 0.72, p<0.001), but not with testosterone (r = 0.38, p = 0.20); neither did cortisone corre-
late with testosterone (r = 0.26, p = 0.39). Artificial hair coloring and hair washing frequency
had no influence on hair steroid levels in patients with sarcoidosis (data not shown).
Psychological distress and fatigue questionnaires
Mean questionnaires scores are shown in Table 2. Sarcoidosis patients with fatigue had signifi-
cantly higher scores with respect to stress, anxiety, depression and lower quality of life scores
than sarcoidosis patients without fatigue (Table 2).
A significantly positive correlation was found between scalp hair cortisol levels and anxiety
(r = 0.47, p = 0.01) and depressive symptoms (r = 0.46, p = 0.01) (Table 3). Additionally, higher
hair cortisol levels significantly correlated with lower mental health scores, as measured by the
SF-36 (r = -0.38, p = 0.03), indicating worse mental health status (Table 3). There was a trend
in correlation observed between hair cortisol levels and the PSS (r = 0.31, p = 0.09), but no cor-
relation existed with the FAS (r = 0.14, p = 0.45) (Table 3). For scalp hair testosterone levels, in
male sarcoidosis patients, no significant correlations were found with any of the psychological
distress and fatigue scores. Fig 4 shows an interaction network between hair steroid levels, psy-
chological distress and fatigue scores, and pulmonary function tests in the total group of sar-
coidosis patients.
Scalp hair cortisol and cortisone did not correlate with the studied clinical parameters
(weight, height, waist circumference and lung function outcomes). However, testosterone
Fig 2. Hair cortisol, cortisone and testosterone levels in patients with sarcoidosis and general population controls [23, 24]. Cortisol and
cortisone were measured in 32 sarcoidosis patients and in 293 general population controls. Testosterone was measured in 13 male
sarcoidosis patients and in 62 male general population controls. Data are shown as geometric mean (95% CI), and corrected for age and
gender. General Linear model–Univariate (ANCOVA) was used for analysis.
https://doi.org/10.1371/journal.pone.0215763.g002
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showed a significant positive correlation with weight (r = 0.69, p = 0.01), and a significant
inverse correlation with waist circumference (r = -0.69, p = 0.01) and FVC (r = -0.76,
p = 0.02).
Disease activity
Twenty-four out of 32 patients were rated as having active disease. Agreement between the
two independent assessors of disease activity was high, only in three case they had an initial
different view. After discussion agreement on disease activity was reached also for these three
patients. There were no significant differences in hair cortisol, cortison and testosterone con-
centrations between patients with and without active disease (Fig 5).
Fig 3. Hair cortisol, cortisone and testosterone levels in sarcoidosis patients with and without fatigue. Cortisol and cortisone were
measured in 23 sarcoidosis patients with fatigue and in 9 patients without fatigue. Testosterone was measured in 10 male sarcoidosis patients
with fatigue and in 4 male patients without fatigue. Data are shown as geometric mean (95% CI). Independent sample t-test was used for
analysis.
https://doi.org/10.1371/journal.pone.0215763.g003
Table 2. Questionnaire scores of patients with sarcoidosis.
Questionnaire Total
[n = 32]
Fatigue
[n = 23]
Non-fatigue
[n = 9]
p-value�
FAS 32 (10–46) 33 (22–46) 16 (10–21) <0.001
PSS 26 (4–55) 29 (4–55) 14 (9–28) <0.001
HADS anxiety 6 (0–19) 7 (0–19) 1 (0–2) <0.001
HADS depression 6 (0–21) 8 (0–21) 0 (0–5) <0.001
EQ5D5L 0.7 (-0.1–1.0) 0.7 (-0.1–0.9) 1.0 (0.6–1.0) <0.001
SF-36 mental health 64 (36–75) 64 (36–75) 64 (60–64) 0.71
SF-36 general health 62 (30–87) 62 (47–87) 57 (30–77) 0.26
KSQ GHS 58 (2–100) 53 (2–83) 98 (75–100) <0.001
Data are shown as median (range).
�Mann-Whitney U was used for comparing questionnaire scores in fatigue and non-fatigue patients with sarcoidosis. FAS, Fatigue Assessment Scale; PSS, Perceived
Stress Scale; HADS, Hospital Anxiety and Depression Scale; EQ5D5L, Euroqol-5D 5-level; SF-36, Short Form-36; KSQ, King’s Sarcoidosis Questionnaire; GHS, General
Health Status domain
https://doi.org/10.1371/journal.pone.0215763.t002
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Discussion
This study is the first to assess scalp hair steroid levels in patients with sarcoidosis. Interest-
ingly, both hair cortisol and cortisone levels were significantly higher in sarcoidosis patients
than in general population controls. Hair cortisol levels were positively related to subjective
measures of psychological distress. No differences were found in scalp hair steroid levels
between sarcoidosis patients with and without fatigue, nor did we observe differences in testos-
terone levels between patients with or without fatigue and controls.
In the current study, rather than the more conventional methods such as serum, urine or
saliva measurements, we used scalp hair analysis to determine steroid levels. This method has
several advantages. First, scalp hair analysis enables long-term steroid level determination as
opposed to all methods using body fluids that only represent a momentarily steroid level and
which can be influenced by acute stress, the diurnal rhythm, or pulsatile secretion of steroid
hormones [7, 19, 21]. A recent study has shown that hair cortisol measurement provides a reli-
able measure of long-term integrated free cortisol production. It demonstrated that hair corti-
sol levels correlated well with 30-day average salivary cortisol area-under-the curve based on 3
samples collected during the day [32]. Second, scalp hair samples are easy to collect and store
at room temperature [33]. In contrast, measuring steroid levels in body fluids, especially at
multiple time-points, is invasive for patients, labour-intensive, and depends on patient instruc-
tion and cooperation [21]. Also, the measurement itself, as with blood sampling, can induce
stress and thereby influence results [20].
Interestingly, hair cortisol and cortisone levels were significantly higher in patients with sar-
coidosis than in the general population controls. Hair cortisol has previously been associated
with both physical and mental health status and was found to be increased in patients with var-
ious diseases such as obesity, post-traumatic stress syndrome, and cardiovascular diseases and
was also associated with extreme exercise, shift work, life events and chronic pain [10, 21, 34,
35]. Cortisol is the active form of glucocorticoid and can be converted into the biologically
inactive cortisone. In our study, cortisol and cortisone showed good correlations and were
both increased. This makes a mechanistic cause in the conversion or balance between cortisol
and cortisone in sarcoidosis patients unlikely as the underlying mechanism for the higher cor-
tisol levels found.
Table 3. Correlations between scalp hair cortisol and cortisone and psychological distress and fatigue scores in all
patients with sarcoidosis (n = 32).
Questionnaires Cortisol Cortisone
FAS 0.14 -0.01
PSS 0.31# <-0.01
HADS anxiety 0.47�� 0.14
HADS depression 0.46�� 0.18
EQ5D5L -0.26 0.03
SF-36 mental health -0.38� -0.05
SF-36 general health -0.28 -0.18
KSQ GHS -0.25 -0.04
Pearson correlations, data are presented as R (p-value). FAS, Fatigue Assessment Scale; PSS, Perceived Stress Scale;
HADS, Hospital Anxiety and Depression Scale; EQ5D5L, Euroqol-5D 5-level; SF-36, Short Form-36, KSQ; King’s
Sarcoidosis Questionnaire; GHS, General Health Status domain
# p�0.05 and <0.10
� p<0.05 and >0.01
�� p�0.01
https://doi.org/10.1371/journal.pone.0215763.t003
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Fig 4. Interaction network showing all significant correlations between hair steroid levels, psychological distress and fatigue scores, and pulmonary function
tests in sarcoidosis patients (n = 32). Each node of the network corresponds to a questionnaire score, and its size is proportional to the % of the total score of the
questionnaire. Two nodes are linked if they significantly correlate, the wider the string the better the correlation. EQ5D5L; Euroqol-5D 5-level; FAS, Fatigue
Assessment Scale; SF-36, Short Form-36; MH, mental health domain; GH, general health domain; KSQ; King’s Sarcoidosis Questionnaire; GHS, General Health
Status domain; HADS, Hospital Anxiety and Depression Scale; PSS, Perceived Stress Scale; TLCOc, transfer factor for carbon monoxide corrected for hemoglobin;
FVC, forced vital capacity; Test, testosterone.
https://doi.org/10.1371/journal.pone.0215763.g004
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Scalp hair steroid levels did not differ between sarcoidosis patients with and without fatigue.
Korenromp et al. reported, in a principal component analyses serum, that ACTH and cortisol
were significantly lower in patients with sarcoidosis-related fatigue than in patients without
fatigue [13]. However, their baseline cortisol analysis showed no difference between fatigued
and non-fatigued patients, which is in line with our findings. As Korenromp measured serum
cortisol, which is a momentary and highly variable measure, this may well account for the dif-
ferences found [13]. Previous research already showed that serum cortisol levels do not seem
to correlate well with scalp hair cortisol levels [36].
Hair testosterone levels in men with sarcoidosis did not differ from those of the general
population controls. This is contrary to findings of Spruit et al. which showed significantly
lower serum testosterone levels in male sarcoidosis patients than in healthy controls [18]. This
variance could again be due to differences in measuring methods. However, the small sample
size (13 testosterone samples) of our study might have also played a role in the findings. Never-
theless, both our study and the study of Spruit et al. found no correlation between psychologi-
cal wellbeing scores and testosterone levels. We can therefore only conclude that the clinical
relevance of testosterone levels in sarcoidosis is not yet clear, and ideally a larger cohort should
be studied.
Interestingly, in our study, scalp hair cortisol levels positively correlated with psychological
distress scores of depression and anxiety. A trend was found in the correlation with perceived
stress scores. These findings are in line with previous studies [33, 37]. The underlying mecha-
nism of the positive correlation between scalp hair cortisol levels and psychological distress in
sarcoidosis patients could theoretically be bi-directional. Sarcoidosis-associated inflammation
could cause increased cortisol levels, and increased cortisol levels can lead to psychological dis-
tress. Studies in both Cushing’s patients (with severe endogenous hypocortisolism) or users of
high dose exogenous corticosteroids clearly show that elevated corticosteroid exposure can
lead to anxiety, depressive symptoms and other forms of psychological distress [38, 39]. How-
ever, the data of our study are not in support of this theory; no differences in cortisol levels
were found in patients with and without disease activity. An alternative explanation could be
that the burden of having such a disease as sarcoidosis directly causes psychological distress,
Fig 5. Hair cortisol, cortisone and testosterone levels in sarcoidosis patients with and without active disease. Cortisol and cortisone
were measured in 24 sarcoidosis patients with active disease and in 8 patients without active disease. Testosterone was measured in 9 male
sarcoidosis patients with active disease and in 4 male patients without active disease. Data are shown as geometric mean (95% CI).
Independent sample t-test was used for analysis.
https://doi.org/10.1371/journal.pone.0215763.g005
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resulting in higher cortisol levels. Our results are in line with this hypothesis, since symptoms
of anxiety and depression were positively associated with cortisol levels in sarcoidosis patients.
In fatigued and non-fatigued patients, no differences in cortisol levels were found. This might
indicate that fatigue is not the predominant underlying cause of the increase in cortisol levels
found in sarcoidosis patients. Other factors which we did not assess extensively in our study
such as, sleep, chronic pain (joint involvement of the disease) or dietary pattern may also con-
tribute to the increased cortisol levels we observed in sarcoidosis patients.
The relationship found between hair cortisol levels and psychological distress may have
clinical implications. Interventions aimed at improving quality of life for patients with sarcoid-
osis and other lung diseases have shown to have a beneficial effect on quality of life, but little is
known about their effect on psychological stress [40–43]. It shows the need for future studies
with more emphasis on psychological distress that patients with sarcoidosis experience. Fur-
thermore, scalp hair cortisol may be used in future as an objective long-term biomarker for
chronic stress which could complement or even replace subjective patient-reported outcome
measures (PROMs). PROMs often comprise many questions, which may complicate use in
clinical practice. Not only can completing PROMS be time consuming, but patients may also
struggle to remember what they answered the previous time. This can lead to variations in
scores and difficulties to evaluate a meaningful change. Previous studies have shown that scalp
hair cortisol can serve as a biological marker for chronic stress. Scalp hair can also be divided
into segments of one or more centimetres to create retrospective timelines. In this way, scalp
hair steroids could potentially be used in future trials to objectively measure the effect of inter-
ventions on psychological distress using only one or a few hair strings, thereby allowing easy
data collection on a large scale.
Our results, together with those from others, underline again how little we unfortunately
still understand about the etiology of fatigue in sarcoidosis. Fatigue is presumably multifacto-
rial, and might be related to aspects in pathogenesis, comorbidities, and medication [2, 3]. In
the current study, no relationship could be found between cortisol and testosterone levels and
fatigue. This is in line with clinical experience that, in sarcoidosis-associated fatigue, steroids
treatment is often futile, or might even result in side-effects causing further deterioration. As
can been seen in Fig 4, fatigue is closely related to quality of life, anxiety, depression and stress
scores, which, in turn, are also strongly interrelated. This stresses the major impact fatigue has
on patients’ lives and the need for studies to advance knowledge on its etiology and for effec-
tive treatment interventions for fatigue in sarcoidosis.
Fig 4 also shows that scalp hair cortisol is the only objective clinical parameter correlating
with subjective scores of psychological distress. Importantly, no correlation is found between
questionnaires and pulmonary function parameters. This is in line with previous findings that
pulmonary function tests do not correlate with subjective questionnaire scores as they capture
another dimension of disease [29, 30]. Testosterone levels showed a correlation with FVC in
sarcoidosis patients; however, sample size was limited and too small to draw conclusions about
the clinical significance of this finding.
Our study has some limitations. Only patients without steroid use were included, whereas
in daily practice, both systemic and topical corticosteroids are used by a fair number of
patients with sarcoidosis. Previous studies have shown that endogenous cortisol production
can be suppressed by exogenous corticosteroids [44]. In healthy adults, significantly lower hair
cortisol levels were found in participants using systemic or local corticosteroids than in non-
users [24, 33]. It needs to be studied if scalp hair cortisol analysis can be used to assess compli-
ance and dosing of corticosteroid treatment in sarcoidosis. Furthermore, as no official criteria
exist for disease activity in sarcoidosis, we used a score based on expert opinion and literature.
Another limitation is the small sample size, which might explain the lack of differences found
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in hair steroid levels in fatigued and non-fatigued patients. However, in our study we showed
that hair steroid levels of the total group of patients differed significantly from those of the gen-
eral population controls.
Conclusions
Patients with sarcoidosis have significantly higher levels of scalp hair cortisol and cortisone
than the general population controls, while testosterone levels in hair did not differ from these
controls. Scalp hair steroids levels did not differ in sarcoidosis patients with and without
fatigue. Increased hair cortisol in sarcoidosis patients was associated with increased psycholog-
ical distress, assessed by questionnaires. In male sarcoidosis patients, no significant correla-
tions were found between hair testosterone and scores of psychological distress and fatigue.
This study suggests that scalp hair cortisol analysis is a feasible, non-invasive biomarker for
psychological distress, but not fatigue, in patients with sarcoidosis.
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